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(54) Surfeoe emitting laser devioee and method of manufaeture 



(57) A vertical cavity surface emitting laser structure 
and a method of manufacturing therefor are disctosed 
Specifically, well-controlled oxidized regions (124) 
bound and can define the aperture (1 22) of a laser struc- 
ture in a current controlling oxidation layer, wherein the 



aperture (122) comprises a conductive region in the ox- 
idation layer. These oxidized regions (124) are formed 
by the use of a pre-defined bounding pattem of cavities 
(1 26) etched in the laser stnjcture, which allow the em- 
bedded oxidation layer to be oxidized. 
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Daterlptlon 

The present invention relates to surface emitting la- 
ser devices and to methods of manufacturing such de- 
vices. 

Solid state semiconductor lasers are important de- 
vices in applications such as optoelectronic communi- 
cation systems and high-speed printing systems. Re- 
cently, there has been an increased Interest in vertical 
cavity surface emitting lasers CVCSEL's") although 
edge emittrig lasers are currently used In the vast ma- 
jority of applications. A reason for the interest in VC- 
SEL's is that edge emitting lasers produce a beam with 
a large angular divergence, making efficient collection 
of the emitted beam more difficult. Furthermore, edge 
emitting lasers cannot be tested until the wafer is 
cleaved into Individual devices, the edges of which form 
the mirror facets of each device. On the other hand, not 
only does the beam of a VCSEL have a small angular 
divergence, a VCSEL emits light normal to the surface 
of the wafer. In addition, since VCSEL's incorporate the 
mirrors monollthically in their design, they allow for on- 
waf er testing and the fabrication of one-dlmenslonal or 
two-dimensional laser arrays. 

A known technkiue to fabrk^ate VCSE Us is by a lat- 
eral oxidation process, as schematically Illustrated In 
Figures 1 and 2. Under this approach, a laser stmcture 
comprising a plurality of layers is formed upon substrate 
10. These layers include an active layer 12 and an Al- 
GaAs layer 14 with a high aluminum content. The Al- 
GaAs layer 1 4 Is placed either above or below the active 
layer of a laser structure. Then, the layered structure is 
masked and selectively etched to f omi a mesa stmcture 
22 as Illustrated in Figure 2. As a result of the etching, 
the AIGaAs layer 14 with a high aluminum content ad- 
jacent to the active layer 12 is exposed at the edges of 
the mesa structure 22. To iovm the lasing emissive re- 
gion or "aperture", this AIGaAs layer is oxkJIzed laterally 
from the edges towards the center of the mesa stmcture 
as represented by arrows A. Other layers in the structure 
remain essentially unoxidized since their aluminum con- 
tent is lower. Consequently, their oxidation rates are also 
substantially lower. Therefore, only the AIGaAs layer 
with high aluminum content is being oxidized. The oxi- 
dized portions of the high aluminum content layer be- 
come electrically non-conductive as a result of the oxi- 
dation process. The remaining unoxidized region, which 
is conductive, in the AIGaAs layer fomfis the so^alled 
"aperture*, a region which determines the current path 
In the laser structure, and thereby determines the region 
of laser emission. A VCSEL formed by such a technique 
is discussed in 'Selectively Oxkiized Vert»al Cavity Sur- 
face Emitting Lasers With 50% Power Conversion Effi- 
ciency," Electronrcs Letters, vol. 31. pp.208-209 (1995). 

The current lateral oxkJation approach has several 
disadvantages, such as large mesa, large oxidatbn re- 
gion, and poor control of the aperture size. A key disad- 
vantage of this approach is the difficulty in controlling 



the amount of oxidatnn. Generally, the desired devue 
aperture Is on the order of one to ten microns (|jm), 
which means that ssveral tens of microns of lateral ox- 
kiation will typically be required in order to fabricate the 
5 devfce when oxkJizing In from the sides of the much larg- 
er mesa, whfch must typfcally be 50 to 100 mwrons in 
size. Since the size of the resulting aperture is small rel- 
ative to the extent of the lateral oxkiation regions, the 
devices formed generally have severe variations In ap- 
10 erture size as a result of non-uniform oxkJatran rates 
from wafer to wafer and across a particular wafer. The 
oxkiation rate of AIGaAs depends strongly on its alumi- 
num composition. Any composition non-unifomnlty will 
be reflected by changes in the oxidation rate, whfch in 
'5 turn creates uncertainty in the amount of oxidation. The 
process is also relatively temperature-sensitive. As the 
oxkJation rate varies, it Is diffteult to ascertain the extent 
to which a laser structure will be oxidized, thereby de- 
creasing reproducibility In device perfomnance. In short. 
^ such a process often creates varbus manufacturabillty 
and yiehj problems. 

Another disadvantage of a VCSEL formed by a tra- 
ditional lateral oxidatk>n approach is the difficulty it cre- 
ates in fomfiing high density laser arrays. In order to ox- 
idizea buried layerof high aluminum content, an etching 
process is performed leaving a mesa. After the etching 
of this mesa, lateral oxkiation is performed such that the 
oxkJized regions define a laser aperture of a particular 
size. The use of a mesa structure, in part, limits the min- 
0 imum spacing between two lasers in an array The step 
height of the mesa is typically several microns because 
of the need to etch through a thick upper DBR mirror. 
Additionally, the top surface of the mesa also has to be 
relatively large so that a metal contact can be formed 
5 on it without covering the lasing aperture. Typically, the 
minimum size of an electrical contact is approximately 
50 X 50 fim^. Hence, the step height of the mesa and 
the placement of the electrical contact on the surface 
make it difficult to fomn highly compact or high density 
' laser arrays. 

A solutbn to some of the problems associated with 
a typbal mesa structure is the use of a shallow mesa. 
In order to use a shallow mesa, the upper mirror is not 
formed by an epitaxial process. Instead, the upper mir- 
> ror is formed by a deposited multilayer dielectrb mate- 
rial, which reflects light Electrical contact is made di- 
rectly onto the upper portion of the active region. Devic- 
es formed under this approach have been fabricated on 
mesas with widths of approximately twelve microns. 
' However, the added complexity of depositing a dielectric 
material and using a liftoff process to define the contact 
make it difficult to optimize the devices for bw threshold 
current and high efficiency 

Lastly, a VCSEL formed by a tradlttonal lateral oxi- 
' datton approach often suffers from poor mechanical or 
structural Integrity. It Is well-known that the upward pres- 
sure applied during a packaging process may cause 
deiamination of the entire mesa since the bonding of the 



3 



EP0858137A2 



4 



oxide layer to the unoxidized GaAe or AIGaAe is gener- 
ally weak. 

In accordance with one aspect of the present inven- 
tion, there is provided a nfiethod of nnanufacturing a sur- 
face enDittffig laser device comprising: (A) fonmtng a se- s 
ries of layers on a substrate, the series including an ac- 
tive layer and a current controlling layer for controlling 
cunrent flow in the active layer; the active, layer and the 
current controlling layer each including semiconductor 
material; characterised in that (A) comprises: (A1) pro- 10 
ducing sources in the current controlting layer; (A2) pro- 
ducing, surrounding each of a set of the sources, a non- 
conductive region in the current controlling layer; the 
non-conductive regions of the set of sources substan- 
tially bounding a conductive aperture region in the cur- is 
rent controlling layer; the aperture region being for con- 
trolling current flowing through an active region in the 
active layer. 

The invention thus addresses problems that arise 
in fabricating VCSEUs, including those set forth above. 20 
In particular, the invention addresses problems with me- 
sa structures, including problems arising from lateral ox- 
idation. 

The Invention provides techniques applicable to 
VCSEL's of the type with a series of layers formed on a ^5 
substrate, including an active layer and a current con- 
trolling layer, both including semiconductor material. 
The techniques provide sources In the current control- 
ling layer, and each source is surrounded by a non-con- 
ductive region. Together, the non-conductive regions of 30 
a set of the sources bound, or substantially bound, a 
conductive aperture region that controls current flow 
through an active region in the active layer. 

The sources can, for example, be cavities from 
each of which oxidation can spread to produce a non- 3S 
conductive region. 

In accordance with a second aspect of the present 
invention, there is provided a surface emitting laser de- 
vice comprising: a substrate; a series of layers fomied 
on said substrate, Including an active layer and a current 40 
controlling layer for controlling current flow in the active 
layer; the active layer and the current controlRng layer 
each including semiconductor material; characterised In 
that the current controlling layer has sources therein; 
and In that each of a set of the sources is surroiirKied ^ 
by a non-conductive region in the current controlling lay- 
er; the non-conductive regions of tiie set of sources sub- 
stantially bounding a conductive aperture region in the 
current controlling layer: the aperture region controlling 
current flowing through an active region in the active lay- so 
er. 

in accordance with a further aspect of the present 
invention, there is provided an array of surface emitting 
lasers, each laser being as described above. 

The inventbn can be implemented in a highly com- ss 
pact VCSEL structure having well-defined and well-con- 
trolled oxidized regions, which can be used to define the 
tasing aperture of a laser structure. These oxidized re- 



gions can be formed by the use of a multiplicity of cav- 
ities arranged in a pre-defined pattern in the laser struc- 
ture. The tasing aperture can be an unoxidized region 
bounded by these oxidized regions centered about the 
cavities. During the oxidation process, an AIGaAs layer 
with high aluminum content embedded in the semicon- 
ductor structure can be oxidized radially outwards from 
each of these cavities until the oxidized regions between 
two adjacent cavities overiap. The AIGaAs layer with 
high aluminum content for forming the oxidized regions 
and the aperture is often referred to as an 'oxidation lay- 
er.' 

An advantage of the techniques described above is 
that the dimension of the oxidized regions which define 
the lasing aperture is comparable to the dimension of 
the lasing aperture itself. Generally, the oxidation rates 
of AIGaAs depend upon material composition and proc- 
ess parameters, which exhibit significant non-uniformi- 
ty. These non-uniformities have decreasing impact as 
the ratio of the size of the oxidized regions to the size 
of the final laser aperture is reduced. In other words, 
since the amount of oxidation required to form the lasing 
aperture is dramatically reduced, the aperture size is 
therefore much less sensitive to material or process var- 
iations. Hence, well-defined and well-controlled aper- 
tures can be achieved. 

Another advantage is that since the techniques do 
not require the formation of a relatively large and deep 
mesa structure, the distance between two lasers in an 
array Is greatly reduced. Hence the techniques are piar- 
ticularly well-suited to the fabrication of highly compact 
lasers or high density laser arrays. 

Yet another advantage is that even higher density 
laser arrays can be fabricated if a transparent conductor 
is usedto form the electrical contact of the laser devices. 

A further advantage is that the techniques result In 
highly planar laser structures which avoid using mesa 
structures with a steep step height. Such a planar tech- 
nobgy improves the stmctural and mechanical stability 
of the devices and further simplifies the fonmation of 
electrical contacts to the devices. 

The laser device can also include two reflectors, 
one on each side of the active layer and one of which 
allows partial transmission of light energy. The device 
can also include electrodes located on opposite sides 
of the device, enabling biasing of the active region. One 
electrode can be located on the emitting surface, over* 
lying the aperture region. This electrode can be non- 
transparent with an opening through which light energy 
may be transmitted out of the device or it can be trans- 
parent, allowing partial transmission of light energy. 

The invention will now be described, by way of ex- 
ample only, with reference to the accompanying draw- 
ings, in which: 

FIGS. 1 and 2 illustrate a prior art approach to the 
formation of a laser aperture in a VCSEL structure; 
FIG. 3 illustrates a side sectional view of a semicon- 
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ductor structure; 

FIG. 4 is a top view of a portion of a mask which 
may be applied to the semiconductor structure 
shown In FIG. 3; 

FIG. 5 is a partial side sectional view of the semi- 
conductor structure of FIG. 3 with a cavity etched 
therein; 

FIG. 6 is a simplified top view of a portion of an ox- 
idation layer, wherein the layers at)ove it have been 
removed; 

FIG. 7 Is a cross-sectional view taken substantially 
along line 7-7 in FIG. 6 and in FIG. 9; 
FIG. 8 is a cross-eectionai view taken substantially 
along line 8-6 in FIG. 6 and in FIG. 9; 
FIG. 9 is a top view of two adjacent VCSEL struc- 
tures showing a non-transparent top contact; 
FIG. 10 is a top view of two adjacent VCSEL struc- 
tures showing a transparent top contact; 
FIG. 11 shows a laser structure whose aperture is 
defined by a triangular bounding pattern of cavities; 
FIG. 12 shows an array of lasers whk:h is formed 
by repeating the triangular bouncfing pattern shown 
in FIG. 11; 

FIG. 13 shows a laser stmcture whose aperture Is 
defined by a bounding pattern of four cavities ar- 
ranged in a square pattern; 
FIG. 14 shows an array of lasers which is fomfied 
by repeating the square bounding pattern shown in 
FIG. 13; 

FIG. 15 shows another array of lasers which is 
fomned by repeating the square bounding pattem 
shown in FIG. 13; 

FIG. 16 shows a laser structure whose aperture is 
defined by a bounding pattem of six cavities ar- 
ranged in an hexagonal pattem; 
FIG. 17 shows an array of lasers which is formed 
by repeating the hexagonal bounding pattern 
shown in FIG. 16; and 

FIG. 18 shows another array of lasers which is 
f orrhed by an alternative repeating of the hexagonal 
bounding pattem shown in FIG. 16. 

FIG. 3 illustrates a semiconductor structure with a 
number of semconductor layers, which can be used to 
fomn a vertical cavity surface emitting laser As will be 
apparent, the layers are illustrated schematically only 
and bear no relatk>nshlptothe relative thicknesses each 
to the other As shown in FIG. 3, an n-type GaAs buffer 
layer 102 of approximately 200nm Is grown on an n-type 
GaAs substrate 100 using an epitaxial deposition proc- 
ess known as metal-organic chemical vapor deposition 
("MOCVD"). The doping level of the n-type GaAs sub- 
strate and GaAs buffer are typically around the range of 
3 X 10^8 cm-3 to 7 X 10^8 so that a reasonably low 
resistance can be achieved in these layers. The semi- 
conductor layers nnay also be deposited on a substrate 
by iiquki phase epitaxy ("LPE"), molecular beam epitaxy 
("MBE"), or other known crystal growth processes. 



Above the GaAs buffer layer 102 Is a $uperlatt»e 
structure for forming a lower distributed Bragg reflector 
('DBR') 104 which provides a portbn of the internal re- 
flectkxi in a VCSEL stmcture. The lower DBR 1 04 Is typ- 

s Ically formed by multiple pairs of an AlGaAs layer with 
a high aluminum content and another AlGaAs layer with 
a low alumffium content. After the growth of a number 
of layer pairs, a final AlGaAs layer with a high aluminum 
content is deposited before growing the first cladding 

10 layer 1 06 of the optical cavity A typical thickness of each 
layer pair Is approximately 1 20nm for a l^ser emitting at 
820nm. The total thickness of each layer pair is de- 
signed to be equal to one half of the optical wavelength 
at the Intended wavelength of laser operation. The thlck- 

is ness d the final high aluminum content layer is designed 
to be a quarter of the optical wavelength at the intended 
wavelength of laser operation. The AlGaAs layer with a 
high aluminum content contains approximately 86% alu- 
minum. The aluminum content of the AlGaAs layer with 

20 Si high aluminum content should be sufficiently high to 
provide tor a low refractive index, but not so high as to 
GXkiize easily The AlGaAs layer with a low aluminum 
content has an aluminum content of approximately 1 6%. 
The composition of the AlGaAs layer with a low alumi- 

2S num content should typically have sufficient aluminum 
so that It is non-absorptive at the lasing wavelength. 

Under this embodiment, since light is outcoupled 
through the top surface of the semiconductor sample, 
the reflectivity of the bwer DBR 104 should be as close 

30 to 100% as possible in order to achieve high Intemal 
reflection. High intemal reflectk>n generally reduces the 
threshold current of a laser. It Is well-known that the re- 
flectivity of the lower DBR 104 is generally a function of 
the difference in the refractive indices between the two 

3S AlGaAs layers of the superlattice and the number of lay- 
er pairs in the stmcture. The greater the difference in 
the refractive indices, the fewer number of pairs are re- 
quired to obtain a given refl^trvity Typically, 30 to 40 
pairs of AlGaAs layers are used to form the lower DBR 

40 structure 104. 

After the lower DBR structure 104 has been depos- 
ited epitaxially, an AlGaAs cladding layer 1 06 is depos- 
ited. This bwer AlGaAs cladding layer 106 has an alu- 
minum content of about 58% and is n-type with a doping 

45 level of 1 X 10^8 cnri-3 to 5 X lO^® cm-^. Its thickness is 
approximately lOOnm. Above this AlGaAs cladding lay- 
er 1 06 is the active layer 1 08 of the laser structu re which 
comprises of four quantum wells with a thickness of five 
to ten nm, separated by three barriers with a thickness 

so of two to eight nm. Depending upon the desired output 
wavelength of the laser structure, pure GaAs or AlGaAs 
with a k3w aluminum content may be used to form the 
quantum well structures. Under this embodiment, these 
quantum wells are typically formed by undoped AlGaAs 

ss with an aluminum content of approximately 7%. Nothing 
In this invention prevents the use of a single quantum 
well or other multiple quantum well ("MQW) structures 
to form the active layer 106. 
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Above the active layer 1 08 is an upper AiGaAs clad- 
ding layer 110, which \s structurally similar to the lower 
AIGaAs cladding layer 106 except for the polarity of its 
dopants. This upper cladding layer 110 has an alumi- 
num content of about 58% but is p-type with a doping s 
level of 1 X 10^« cm-3 to 4 X 10^« cm-3. Similar to the 
lower AIGaAs cladding layer 106. the thickness of top 
cladding layer 110 is also about lOOmn. These two AI- 
GaAs cladding layers, 1 06 and 1 1 0, along with the active 
layer 106 generally form the optical cavity in which the io 
desired optical gain can be attained. The total thickness 
of layers 106. 108. and 110 is adjusted to be equal to 
an Integer multiple of the intended wavelength of laser 
operation. 

Above the upper AIGaAs cladding layer 110 is an is 
oxidatton layer 1 1 2, which is used to form the laser ap- 
erture. The laser aperture controls the current flow and 
thus the lasing location in the active layer 108. Under 
this embodiment, this oxidation layer 112 is above the 
upper AIGaAs cladding layer 110. Nothing in this inven- 20 
tion prevents the placement of this oxidation layer 112 
in another tocation either further atx>ve or below the ac* 
tive layer 108. Typically, this oxidatkm layer 112 has an 
aluminum content of approximately 95% and a thick- 
ness of about 70nm. TVpically, this oxidattan layer 112 2S 
constitutes the first layer of an upper DBR mirror and 
contains a p-type dopant. 

After the oxidation layer 112 has been formed, the 
remainder of an upper DBR mirror 114 which contains 
p-type doping is deposited. The upper DBR min^or 114 30 
is structurally similar to the k>wer DBR mirror 1 04 except 
for the polarity of its dopants. Additionally, the mirror lay- 
er ck>sest to each side of the active regton generally has 
a high aluminum content. In this embodiment, this high 
aluminum content layer is also the oxidation layer 112. 3S 
tnthis embodiment, the reflectivity of the upper DBR 114 
is typically 98% to 99% because light will be outcoupled 
through the surface of the semiconductor sample. Typ- 
ically, 20 to 25 pairs of alternate AIGaAs layers are used 
to form this upper DBR mirror 114. 40 

FIG. 4 is a top view of a portion of a mask which 
may be applied to the semiconductor structure shown 
in FIG. 3 in one embodiment. First, as is conventional, 
a uniform layer of silicon nitrnle will be deposited over 
the entire semiconductor sample. Then, a photoresist ^5 
layer 118 is deposited over the silicon nitride layer and 
is formed into the mask shown in FIG. 4 by a photolith- 
ographic process which removes photoresist material 
from four circular areas 120. The circular areas 12dform 
a pre-determlned bounding pattem which will later be so 
used to define the resulting aperture of a laser structure. 

As Illustrated in FIG. 5, the sample then undergoes 
an etching process during which cylindrical cavities 126 
are formed in the semiconductor structure through the 
four exposed circular areas 120. The etching is per- ss 
formed by a process such as reactive ion etching which 
provides for the formation of a deep depression with ver- 
tical sidewalls. The depth of each cylindrical cavity 



shoukJ extend at least into the oxidation layer 112, as 
shown In FIG. 5. After the formation of the cylindrical 
cavities and the removal of any photoresist on.the sur- 
face, the semiconductor sample undergoeis an oxkte- 
tion. The sample Is typically oxkiized with water vapor 
in a nitrogen environment at elevated temperatures, In 
excess of 350^0. During the oxkJation process, the ox- 
idation layer 112 is exposed to the ambient through each 
cylindrical cavity, as indicated by arrows B. Thus, the 
oxidation layer 112, which comprises of AIGaAs with a 
high aluminum content, is cxMized radially outwards 
from each cavity 1 26, typically until the oxidized regions 
1 24 surrounding each cavity approach one another and 
overlap, as can be seen in FIG. 6. However, a small non- 
oxkjized gap between the oxkiized regions nnay be per- 
missible so bng as electrical and optical fiekls are ade- 
quately confined. Although the cross section of each 
cavity has been described as being cylindrical, any suit- 
able cross section may be used. 

During the oxkiation process, other layers in the 
stnjcturs remain essentially unoxidized since their alu- 
minum content is lower. The oxidation rate of AIGaAs 
increases with the aluminum content In a generally ex- 
ponential manner at constant temperature. The time du- 
ration of the oxidatiori process depends upon the alumi- 
num content in the oxklation layer 1 1 2 and the oxkiatbn 
temperature. A desirable, controllable oxidation dura- 
tion would be a few tens of minutes. Therefore, the layer 
that Is being oxkiized Is the AIGaAs whk:h has a high 
aluminum content of close to 95%. The portion of the 
AIGaAs layer which remains unoxidized controls the 
current path through the active layer 108. 

fig: 6 is a largely slnrplifiedtop view of the oxidation 
layer 112 shown in FfG.3 assuming that all the layers 
above it have been removed. The shaded region 122 
represents the laser aperture in oxidation layer 112 
which determines the regton of laser emission by active 
layer 108. It is formed by the oxidatbn process of the 
above embodiment. During the oxidation process, the 
oxkiatlon fronts emanate through the oxidatkxi layer 
from the pattern of four cavities 126, and the shaded 
regbn 1 22 is formed by the intersection of the bounda- 
ries of the oxkiized regions 124. The oxidation fronts 
emanating from the cylindrical cavities 1 26 are also gen- 
erally cylindrical, resulting In overlapping oxkiized re- 
gions 124. The center of the overlapping regions 124 
remains unoxklized. This unoxidized region forms the 
shaded area 122, which is the aperture of the laser 
structure. After the oxidation process, an k>n implanta- 
tk)n process, which is next described, is used to form 
Isolation region 130 to isolate the laser structure from 
its neighbor. 

After the oxidation process, the areas 124 are oxi- 
dized and the unoxidized portion 122 forms the aperture 
which controls the current path through the active layer 
108. Current flow through that portion of the active layer 
108 which lies below the aperture 122 results in an in- 
jected density of p-type and n-type earners, resulting in 
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optical amplification. At sufficiently high current flow, this 
optical amplification, in combination with feedback from 
the DBR mirrors, 104 and 114. will result in laser oscil- 
lation and emission from the active layer within the re- 
gion defined by aperture 122 in oxidation layer 112. 

Isolation region 1 30 (illustrated in FIGS. 6, 7 and 8), 
which is formed by using an ion Implantation isolation 
process, is highly resistive. The typical implantation en- 
ergies used in such a process are 50 KeV 1 00 Ke V, and 
200 KeV. The dose is typically 3 x lO^s cm-^ at each 
energy level. The ion used to form the isolation region 
402 is hydrogen. 

After the isolation process, metal contacts 132 and 
134 are formed on the top surface and the bottom sur- 
face of the semiconductor structure, respectively, for bi- 
asing the laser, as illustrated in FIGS. 7,8 and 9. A typical 
material used for fomning the contacts Is a titanium/gold 
bilayer film. 

FIG. 9 shows a lop view of a VCSEL structure 
formed in accordance to one embodiment after a typical 
metallization process to fonm the top contact 1 32. Views 
in the direction of section lines 7-7 and 8-8 in this Figure 
are also as illustrated in FIGS. 7 and 8. The top contact 
132 is of a generally keyhole shape, including a circular 
portion 134 and an extenston portion 136. The circular 
portion lies inboard of the cavities 126 and overlies the 
laser aperture 1 22. Since it is non-tiansparent rt is made 
annular in shape so as to allow light to be coupled out 
of the laser through its central opening. The width 'W 
of the annular circular portion 134 Is usually limited by 
the minimum line width achievable under the processing 
technology used, thus setting a bwer limit on the pitch 
between adjacent VCSEL structures Thus, a typical 
pitch between the centers of two adjacent VCSEL aper- 
tures 122 would be MW." However, if a transparent con- 
ductor is used, the pitch between adjacent VCSEL struc- 
tures could be further reduced because the top contact 
could overlie the laser aperture 122. Thus, the pitch may 
be reduced to the order of ■2W' as shown in FIG. 9. A 
typical transparent conductor is indium tin oxide CITO') 
which may be deposited by a sputtering process. An al- 
ternative embodiment of the top contact is shown in FIG. 
1 0 and Is Identified by n umeral 1 38. it comprises a trans- 
parent conductive contact finger 140 and contact pad 
1 42, the contact finger overlying the laser aperture 1 22. 
After the formation of an electrical contact on the top 
surface, the bottom electrode 134 Is formed by depos- 
iting metal on the bottom surface of the substrate 100. 

FIGS. 11, and 12, 13. 14 and 15. and 16, 17 and 18 
illustrate alternative packing arrangements for forming 
an array of lasers formed by other embodiments. In the 
laser device of FIG. 11 and an array of such devices 
shown in FIG. 12, each laser structure includes an ap- 
erture 222 defined by oxidized regk>ns 224 surrounding 
a bounding pattern of three cylindrical cavities 226 po- 
sitioned at the apexes of an equilateral triangle. The 
spacing between the centers of any two neighboring 
cavities is "S." As stated prevksusly. during theoxidatksn 



process, an embedded AIGaAs layer with a high alumi- 
num content will be oxidized radially outwardly from the 
cylindrical cavitiee 226 until the oxidized regtons 224 
overlap to form the unoxidized laser aperture 222. The 

s packing arrangement shown in FIG. 11 may be repeated 
to torn a laser array as shown in FIG. 1 2. if tha spacing 
between the centers of two cylindrical cavities is 'S' a 
typical linear spacing "L' between two laser apertures 
is approKimately 'S^.' 

10 In the laser device of FIG. 13 and the arrays of 
FIGS. 14 and 15. the square bounding pattem of cylin- 
drical cavities 126 is illustrated. Oxidized regions 124 
will overlap to fonm the unoxidized laser aperture 122. 
This packing arrangement shown in FIG. 1 3 may be re- 

is peated to fonn a laser array as shown in FIGS. 14or 15 
If a packing arrangement such as FIG. 14 is used and 
the spacing between the centers of two adjacent cylin- 
drnal cavities Is 'S,' a typical linear spacing 'L' between 
two laser apertures is approximately "'8/2. ' If an ar- 

20 rangement such as FIG. 15 is used and the spacing be- 
tween the centers of two cylindrical depressbns is *S.' 
a typical linear spacing "L" between two laser apertures 
is approximately N2 x S." 

In the lasier device of FIG. 16 and the arrays of 

25 FIGS. 17 and 18, an hexagonal bounding pattem of cy- 
lindrk»l cavities is illustrated It should be apparent that 
the cavities 326 may also be arranged at the vertices of 
any other polygon. As in the prevkxjsly described em- 
bodiments, the laser aperture is formed by the unoxl- 

so dized region 322 defined by the oxidized regtons 324. 
The packing arrangement shown in FIG. 16 may be re- 
peated to form a laser array as shown in FIGS. 17or18. 
If an anangement such as FIG. 17 is used and XhB spac- 
ing between the centers of two adjacent cylindrical cav- 

3s ities is "S," atypical linear spacing "L" between two laser 
apertures is approximately "1.5S.' if an arrangement 
such as FIG. 18 is used, the closest linear spacing "L" 
between two laser apertures is approximately "VS X 
0.5S.' 

40 The composition, dopants, doping levels, and di- 
mensions given above are exemplary only, and varia- 
tions in these parameters are permissible. Additionally, 
other layers in additton to the ones shown in the figures 
may also be included. Variations in experimental condi- 

4S tions such as temperature and time are also permitted. 
Lastly, instead of QaAs and GaAl As. other semiconduc- 
tor materials such as GaAISb, InAIGaR or other lll-V 
alloys may also be used. 

Embodiments have been described In which non- 

so conductive regions meet or slightly overlap. As noted 
above, however, non-oxidized gaps could occur be- 
tween non-conductive regions. All that is necessary is 
that the non-conductive regions substantially bound a 
conductive region so that electrical and optksal fields are 

ss adequately confined that the conductive regkm can 
sen^e as a laser cavity. 
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Claims 

1 . A method of manufacturing a surface emitting laser 
device comprising: 

5 

(A) forming a series of layers on a substrate 
(100), the series including an active layer (108) 
and a current controlling layer (1 1 2) for control- 
ling cun-ent flow in the active layer (108); the 
active layer (108) and the current controlling io 
layer (112) each including semiconductor ma- 
terial; characterised in that (A) comprises: 
(A1) producing sources (126; 226; 326) in the 
current controlling layer (112); 
(A2) producing, surrounding each of a set of the is 
sources (126; 226; 326). a non-conductive re- 
gion (124; 224; 324) in the current controlling 
layer (112); the non-conductive regions (124; 
224; 324) of the set of sources (126; 226; 326) 
substantially bounding a conductive aperture 20 
region (122; 222; 322) in the current controlling 
layer (112); the aperture region (122; 222; 322) 
being for controlling current flowing through an 
active region In the active layer (108). 

25 

2. A method according to claim 1 in which (A1 ) com- 
prises fonming cavities (1 26; 226; 326) extending in- 
to the cun-ent controlling layer (112) and in which 
(A2) comprises provkJing an oxidizing environment 
through the cavities (1 26; 226; 326) to produce the so 
non-conductive regions (124; 224; 324) by oxida- 
tion. 



controlling current flowing through ah active re- 
gion in the active layer (108). 

5. A surface emitting laser device according to claim 

4 in which the cun'ent controlling layer (112) is an 
oxidation layer, said conductive region (122; 222; 
322) is an unoxidized portion of said oxidation layer, 
and said non-conductive regions (124; 224; 324) 
are oxidized portions of said oxidation layer 

6. A surface emitting laser device according to claipf) 

5 in which said oxidation layer (112) comprises an 
aluminum containing semiconductor layer. 

7. A surface emitting laser device according to any of 
clatms 4 to 6 in which the series of layers comprises 
a Group lll-V arsenide material. 

8. A surface emitting laser device according to any of 
claims 4 to 7 in which the set of the sources (126; 
226; 326) Is disposed in an equilateral triangular 
bounding pattem, a square bounding pattern, or a 
regular hexagonal bounding pattern. 

9. A surface emitting laser device according to any of 
claims 4 to 8 in which each of the set of the sources 
(1 26; 226; 326) is a cavity extending into the current 
controlling layer (112). 

10. An array of surface emitting lasers, wherein each of 
said surface emitting lasers comprises a device in 
accordance any of claims 4 to 9. 



3. A method according to claim 2 in which the oxidizing 
environment is provided for a period of time suffi- 3S 
cient that the non-conductive regions (124; 224; 
324) bound the conductive aperture region (122; 
222; 322). 

4. A surface emitting laser device comprising: ^ 



a substrate (100); 

a series of layers formed on said substrate 
(100), including an active layer (1 08) and a cur- 
rent controlling layer (112) for controlling cur- ^ 
rent flow in the active layer (108); the active lay- 
er (108) and the cun'ent controlling layer (112) 
each including semiconductor material; 
characterised in that the current controlling lay- 
er (1 1 2) has sources (1 26; 226; 326) therein; so 
and in that each of a set of the sources (126; 
226; 326) is surrounded by a non-conductive 
region (124; 224; 324) In the current controlling 
layer (112); the non-conductive regions (124; 
224; 324) of the set of sources (1 26; 226; 326) ss 
substantially bounding a conductive aperture 
region (122; 222; 322) in the current controlling 
layer (112); the aperture regbn (122; 222; 322) 
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